On The Interpretation .of Adsorption and Desorption Kinetics Experiments
Experimental results on adsorption and desorption kinetics are frequent~ interpreted in terms of some reaction mechanism and approximate solutions to the rate equations associated with that mechanism.
It is the purpose of this note to present numerically accurate solutions to a particular set of rate equations in order to assess the validity of approximations usually made.
Aside from providing new insight into the kinetics that may be observed experime?tally, these calculations will 1 2 clarify an apparent contradiction between isothermal ' and flash desorption 3 4 experiments ' on the Hz/Ni system.
The results presented below will also have implications for the interpretation of surface catalytic reactions.
The reaction mechanism considered describes dissociative chemisorption via an immobile precursor state and can be depicted schematically as follows:
The rate equations associated with this mechanism are given as d8 from a set of rate parameters at a given surface temperature.
In disucssing the exact solutions of Eq,(2), a brief comment on adsorption kinetics seems worthwhile. In a typical adsorption experiment, Px 2 < 10-7 torr so that at room temperature Px ka/kd < 10-2 • Also, from . 2 8 9 experiments, kd/k1-0.1. ' The exact solutions of Eq. (2) then show that the steady state assumption for the precursor state is indeed very good at all coverages. In general 8* < 10-2 8, and the approximate 8(t) and s (8) are both accurate to within 1%.
(Under these conditions, the cases of a mobile and an immobile precursor state are indistinguishable because 1-8~:::: lin Eq. (2)). In order to determine kd/k1 from experimental data, it may well be advant~geous to evaluate data for 8(t) directly using Eq. (4) rather than to obtain s(8) by differentiating 8(t) and then fit s (8) by an expression such as Eq. (5). However, the explanation of this behavior offered previously by Shanabarger 5 does not hold. Linearization of a system ~f nonlinear equations such as Eq. (2) always lead to exponentially decaying solutions, but such a procedure is only valid for very short and not for physically significant time intervals.
For the rate parameters used in Figs. 1 and 3, the exact solutions of Eq. (2) also show that after a time of the order of 10-2 to 10-3 times (kdkz/kl)-1 , the rate of desorption is given to within -2% by the approximate expression (6) assuming equilibrium between the precursor and the chemisorbed state.
As regards the order of desorption, it should be pointed out that the desorption rate is usually assumed to be proportional to some power of the 6 total amount of gas adsorbed.
Hence, one can obtain an effective order of desorption by plotting log rd as a function of log(8* + i-e>, as is shown in Figs. 2 and 4 . However, the effective order of desorption itself depends on the coverage, since log rd is not exactly a ·linear function of log ( 8* + {e) over the entire range of coverage (cf. Figs. 2 and 4 ). This can also be seen by noting that if k1 >> kz; then 8* « i-e so that In interpreting adsorption experiments in terms of a precursor mechanism,
it is often found difficult to ascertain the precise form of that mechanism, '
.a major question being whether chemisorption is dissociative or non-dissociative. In summary, the exact solutions of the rate equations (2) have clarified some assumptions frequently made in analyzing adsorption and desorption rate data.
They have revealed similarities and differences between one-step and two-step chemisorption mechanisms. They have also shown no evidence that isothermal and flash desorption experiments should yield conflicting information.
Experimental results produced by the two techniques have generally been in 
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